Special relativity turns out to be more than coordinate transformations in which the constancy of the speed of light plays the central role between two inertial reference frames. Special relativity, in essence, is a theory of four-dimensional flat spacetime. Euclidian space spans three of the spacetime's dimensions and time spans the fourth. Properties of light may not be needed to describe spacetime, which exists independently of light. The article shows that a theory of spacetime can be constructed from a geometric viewpoint in which the speed of light does not play any role. Moreover postulating four-dimensional geometry significantly simplifies the concept of special relativity.
I. INTRODUCTION
Einstein published his famous paper 1 on the theory of special relativity over one hundred years ago. Although there has been much work on this field of study, discussion and debate remains alive.
Special relativity (SR) was born out of conflicts in the late 19th century between
Maxwell's electrodynamics and Newtonian mechanics. Again, as is customary, a point in the spacetime diagram represents an event, and a line represents a world line of a particle moving with a speed v, where, 
It is customary in this type of situation to set the conversion factor or the proportionality constant c to 1 to make Equation (2) the defining equation for a new unit of time.
Since we have chosen c to be unitless, this new unit of time is meter.
Using the relation, (∆r) 2 = (∆xr) 2 + (∆yr) 2 + (∆zr) 2 of Euclidian geometry, we get from Equation (1),
assuming space is isotropic. ∆xr, ∆yr, and ∆xr are the magnitudes of three components of a unit vector ∆r. There is a set of values for ∆xr, ∆yr, and ∆xr to satisfy Equation (3). Similarly in another inertial frame, S ′ , moving with some speed with respect to frame S,
Since it is impossible to draw and work with a 4D diagram, it is instructive to work with the special case of the 2D slice-the t-x plane-of the 4D-spacetime and then generalize the work to the 4D case. In the t-x plane Equation (3) reduces to
Similarly in the frame S ′ , we get from Equation (4),
In actual spacetime there is no coordinate system, let alone a prefered coordinate sys- The same set of events must be used by all observers for calibration of their time axis or to determine the spacetime conversion factor;
and 2) These events must be a special set of events, such that the ratio of the space separation to the time separation of any of these events is same in all frames.
The scaling equations, Equations (5) and (6), tell more than just how to plot the time scale compared to the space scale. An equivalent expression to Equation (5) can be written as
where ∆t 0 can be written as |∆t|s, s is a real number. Similarly ∆x 0 can be written as |∆x|s. Only a set of events' time and space coordinates in a reference frame satisfy Equation (7). In the t-x plane the locus of those special events is the straight line making 45
• with x-axis. The special events that satisfy Equation ( The implication of Equation (7) implies dealing with two events-the given event and the event origin.) the set of special events {∆t 0 , ∆x 0 } that satisfies Equation (7) have equal time and space separation and forms a straight line in the t-x plane with slope 1 (see Figure 1 ). We will call this line the special line. i.e.,
How do these two events look from S?
The t ′ axis is the world line of a particle at rest at x ′ = 0 with respect to S ′ . The world line of the same particle in S will be a straight line with a slope of 1/v. The t ′ axis looks like that shown in Figure 2 . Event 1 is somewhere on the t ′ axis as in the Figure 2 with coordinates (t 10 , x 10 ).
Since events 1 and 2 satisfy Equation (9) in frame S ′ , in frame S they will also satisfy, IV. THE SPACETIME METRIC Consider two inertial reference frames, S with coordinates (t, x, y, z) and S ′ with co- ence.
Consider a special event Q 0 (t where ∆t = (t 0 − t 1 ) = (t 2 − t 1 ), ∆x = (x 0 − x 1 ), and ∆y = (y 0 − y 1 ). Now ∆y and ∆y ′ are equal. Combining Equations (11) and (12) we get,
Similarly in another frame S ′′ ,
So, the separation of coordinates of two events measured from two inertial frames moving in the x direction with respect to each other is related by,
Generalizing Equation (15) in 4D spacetime, the space and time separations between two events observed in two inertial frames must obey,
Equation (16) 
γ, β, α, and σ are at most a function of v.
From the considerations of the inertial frames alone, one can easily show 14 that
and
Therefore the transformation equations (18a) and (18b) become,
Now comes the most important part of the derivation: using the invariance of the interval. Substituting Equations (21) and (22) in (17) and after some straightforward calculations, one gets,
The + sign is the proper choice in the above equation to avoid an inversion of the coordinates.
Therefore, the complete Lorentz transformations is,
Determination of c using any equation and method of special relativity-from the point of view of 4D-spacetime geometry-will give the value of the spacetime conversion factor
and not the speed of light. For example if we use a K meson decay data in laboratory frame and rest frame to determine c using Equation (17), the value of c thus obtained would be the value of the spacetime conversion factor and not of the speed of light.
Another way to determine the value of the spacetime factor would be from the measurements of the speed of a moving object from two different reference frames and by using the velocity addition formula. A third way would be using Equation (7) 6 For a good discussion on time measurement
